Abstract: Health Statistics NSW is a new webbased application developed by the Centre for Epidemiology and Research at the NSW Ministry of Health. The application is designed to be an efficient vehicle for the timely delivery of health statistics to a diverse audience including the general public, health planners, researchers, students and policy analysts. The development and implementation of this web application required the consideration of a series of competing demands such as: the public interest in providing health data while maintaining the privacy interests of the individuals whose health is being reported; reporting data at spatial scales of relevance to health planners while maintaining the statistical integrity of any inferences drawn; the use of hardware and software systems which are publicly accessible, scalable and robust, while ensuring high levels of security. These three competing demands and the relationships between them are discussed in the context of Health Statistics NSW.
Health Statistics NSW (HSNSW, www.healthstats.nsw. gov.au) is a new web-based reporting application developed by the Centre for Epidemiology and Research, New South Wales (NSW) Ministry of Health. This application was developed to replace the electronic version of the report Health of the people of NSW-Report of the Chief Health Officer (known as the eCHO report) which has been published as a web-based report since 2000 and as a printed report since 1996. The main incentives for converting the eCHO report, which consisted of a series of around 1000 static web pages, into an interactive web-based application were:
• to assist users find specific information through improved search and navigation functions • to assist users download data and reports through improved download and report compilation functions • to expand the content, update data and maintain the report through the use of modern business intelligence software, infrastructure and technology.
Many Australian (Australian Institute of Health and Welfare, aihw.gov.au, Public Health Information Development Unit, www.publichealth.gov.au and the Australian Bureau of Statistics, www.abs.gov.au) and overseas health agencies (US Centers for Disease Control and Prevention www.cdc.gov/DataStatistics/ and the World Health Organization, www.who.int/research/en/) now incorporate some type of web-based data query system into their main agency website. 1 The rapid development of web-based technologies in the past 20 years has seen such sites evolve from simple tables of data to hosting complex web-based applications that allow significant user interaction including the production of dynamically generated graphs and maps. For example, new map-based reports using InstantAtlas TM (www.instantatlas.com) are used by the Victorian Department of Health (www.health.vic.gov.au/healthstatus/atlas/) and to report the Australian Early Development Index (maps.aedi.org.au/IA/2011/region/105/atlas.html).
This trend of improving the technologies that support these types of websites is likely to continue into the foreseeable future with significant investment into the Australian internet infrastructure by both private and public institutions (for example the Australian National Broadband Network, www.nbnco.com.au).
This article describes the three competing demands that were considered when designing the HSNSW application, configuring the content and then deploying a system which was suitable for release to the public. These demands were: consideration of the public versus the private interest when reporting health statistics; recognition of statistical signals versus noise when reporting at small spatial scales and on rare conditions; and building data systems that are secure but still highly accessible. An expanded consideration of these issues was presented in the report Privacy issues and the reporting of small numbers. 2 
Public versus private interest
The implementation of evidence-based policies and planning for health services requires the collection and management of data. Development of performance indicators from these data supports our understanding of whether particular policies and programs are achieving their goals; there is also significant public interest in performance reporting. Further, all levels of government require the use of timely data for the planning of clinical and public health services. 3, 4 In the field of health however, we must be particularly cognisant that these data are collected from individuals and that there are significant legal and ethical reasons why the privacy of these individuals cannot be compromised. Consequently the overarching challenge when presenting health statistics is to develop robust reporting strategies that ensure that both private and public interests are met.
Within the NSW health system, the key legislative instruments to protect the privacy of citizens are the Privacy and Personal Information Protection Act 1998 (NSW) which regulates personal information in the public sector; and the
Health Records and Information Privacy Act 2002 (NSW) which regulates personal health information. The Health Records and Information Privacy Act 2002
is supported by detailed statutory guidelines which cover particular applications of health data. All relevant laws and policies are explained in the NSW Health Privacy Manual. 5 A critical aspect of privacy legislation when using health data is the de-identification of the data. De-identification in the context of public reporting must be interpreted more broadly than simply removing names and addresses from records because it is about the potential of re-identifying an individual from the final publication of that data. The steps required for effective de-identification in this context are not necessarily simple and require consideration of the condition being reported and the population from which observations are drawn. Much emphasis in public reporting is usually placed on the number of people reported and simple threshold rules are defined. However, expert groups such as the Statistical Information Management Committee 6 argue that the size of the underlying population (which may be defined as the population in one geographic area or a sub-group such as the Aboriginal population) becomes more important when the probability of re-identification is considered.
Consequently when HSNSW was configured, standard rules were used to guard against re-identification (such as designing tables to minimise the number of cells with denominators less than 1000 people and individual counts less than five people). Such steps are crucial to ensure that private interests are not compromised to achieve the public interests associated with statistical reporting.
Data signals versus noise
HSNSW includes partial functionality to drill down into increasing levels of data granularity (the fineness with which data fields are subdivided). For example, when looking at hospitalisation admissions, it is possible to examine the pattern of these admissions across Local Health Districts, or to develop a time series of admissions for a particular Local Health District. This functionality was included because many potential users of the system requested straightforward access to data about their Local Health District. This approach works well but it very rapidly becomes apparent that there are limitations to how far you can drill down into the data before the numbers of individuals being reported become too small to meet two important criteria: privacy and statistical interpretability. Firstly, as noted above, there are privacy issues that cannot be compromised. Secondly, as Steel and co-workers discuss, 7 small numbers are subject to much larger relative variation over time or between groups, which makes any inferences drawn from these numbers less reliable. It is important to recall that the reason these statistics are being reported in the first place is the public interest associated with evidence-based policy and decision making. If the inferential value of these data is degraded, then the justification for their publication can become compromised.
Perhaps the most transparent approach to this issue is to estimate the variability of any published statistics (which may require additional statistical assumptions). If the relative variability exceeds some particular threshold, then such statistics should not be published. Where practical, this approach was used in HSNSW, but in other cases, simple techniques such as averaging or more sophisticated statistical methods such as Bayesian smoothing 8 were used to ensure that patterns, and not observations from individuals, were being presented. Judgments based upon threshold rules of sample size and relative variability, which were checked by subject matter experts, were used when configuring indicators for HSNSW to ensure that there were adequate data for any meaningful statistical inferences. Options to drill down into these data were not provided if such subsets of the data were subject to excessive variability (e.g. for mesothelioma deaths, which are very rare events). If analysts, planners or policy developers require such data then there are alternative options for accessing this information within secure, non-public environments (such as SAPHaRI). 9 Note that technologies designed for data drill-down such as data-cubes (which can be thought of as a multidimensional extension to a spreadsheet table) have primarily been developed for commercial applications. For example, a sales manager may want to see patterns of sales across the nation, but he or she may also want to know what type of widget a particular salesperson sold yesterday. Such datasets and applications are not associated with the privacy and inferential issues that are so important to the health data being presented with HSNSW. Although HSNSW does use data-cubes to efficiently access large volumes of data, decisions about the level of data granularity available to the public are made well before the data are transformed into cubes.
Data security versus accessibility
The underlying technical architecture of HSNSW is complex and the details are beyond the scope of this article. There are, however, two major components of the system: indicator calculation; and reporting and analytics. The algorithms used for indicator calculation process unit-level or semi-aggregated data into defined health indicators on secure internal workstations. These processing steps are implemented using existing and well-tested processes within the Centre for Epidemiology and Research, NSW Ministry of Health. Any data with potential privacy issues are therefore subject to strict security protocols within the Ministry. None of these privacy-sensitive data are stored on publicly-facing servers.
In contrast, the web-based reporting and analytics solution imports the text output from the indicator calculation steps described above, builds data-cubes, handles user interaction and renders tables, charts, maps and portable document format (pdf) reports, spreadsheets and images. These functions are completed on other servers which are publicly facing and are isolated from any servers which contain privacy-sensitive data.
This system thus enables the delivery of population health indicators to the public without any privacy-sensitive data being stored on public web servers. This design required some duplication and inefficiencies (from a systems-design perspective), but these are justified to meet the dual objectives of secure health data and accessible health indicators.
Conclusion
Web-applications such as HSNSW are complex systems which require consideration of a diverse range of issues in their design, implementation and configuration. Many of these issues require a trade-off between users' wishes and the responsibilities of the data reporting specialists. For example, people want access to data, but cannot be given access to all data because of very justifiable privacy issues. People need access to information about their area, but should not be provided with information that is not suitable for drawing valid statistical inferences. Computer systems need to be deployed that provide public access to the data, but these systems must be designed in a manner that cannot increase risks to personal privacy.
The authors contend that HSNSW strikes the right balance with these inter-related competing demands for the benefit of publishing a diverse range of population health indicators using a new web-based data query system. These issues are discussed in more detail in the report Privacy issues and the reporting of small numbers 2 that was prepared in conjunction with the initial release of HSNSW. Readers may also find the article by Lawlor and Stone 10 of interest as these authors provided an overview of tensions between data protection and informing public health. 3 A similar proportion of teenagers were eligible in New South Wales (NSW).
The implementation of the Medicare Teen Dental Plan required a legislative framework for the payment of dental benefits to be established. 4 After consultation with the State and Territory Dental Directors and Chief Dental Officers, the Medicare Teen Dental Plan implementation was amended so that vouchers could be claimed through public oral health services. This is a notable difference from the Medicare Chronic Disease Dental Scheme, which has not been available through public oral health services.
Each of the former Area Health Services (now Local Health Districts) in NSW has been providing services under the Medicare Teen Dental Plan since the program began, as all children and young people under 18 years of age are eligible for NSW Public Oral Health Services. Arrangements were made for the processing and claiming of the vouchers through a Representative Public Dentist's Medicare provider number 5 in each of the former Area Health Services. The benefits claimed by the Representative Public Dentist are paid to an Area Health Service account.
We examined the use of the Medicare Teen Dental Plan in NSW and compared this with its use in other Australian jurisdictions. We also examined uptake in the private and public dental sectors in NSW and mapped the geographical pattern of program use.
Methods
All dental services data for children and adults accessing public dental care in NSW are captured in the Information System for Oral Health. Data were extracted monthly from each former Area Health Service's Information System for Oral Health database and reported to the NSW Oral Health Data Collection. Data on the use of public dental services were extracted for the 9 years from 2002 to 2010 for all young people aged 12 to 17 years at the time of service delivery. Data for each teenager presenting with a Medicare Teen Dental Plan voucher or referral indicator were also extracted from the demographics table in the Information System for Oral Health. Where possible, these data were matched to a unique treatment visit that occurred in the same year as the use of the voucher. for each year that the teenager uses their voucher in the public dental system. 6 The use of this indicator has only been fully implemented recently in some parts of the state which means that the available data underestimate the true number of teens attending dental clinics with vouchers.
In 2010 a randomised, statewide Teen Dental Survey (unpublished) examined the oral health of a random representative sample of Year 9 students aged 14-15 years in NSW. This survey included a questionnaire completed by the teenager and his or her parents about the teenager's oral health-related behaviours and use of dental services, including the Medicare Teen Dental Plan. The data from these questionnaire responses were analysed.
Data on the number of services provided and the value of vouchers claimed under the Medicare Teen Dental Plan by all Statistical Local Areas in NSW were obtained for the period 2008 to 2011 from the Department of Human Services National Office by formal request. In addition voucher claims data for all Australian jurisdictions was obtained from the Medicare Statistics website for the period 2008 to 2011. All datasets were analysed using SAS 9.2. 7 The Medicare data were also mapped for each NSW Statistical Local Area using the Geographical Information System software, MapInfo version 11. (Table 1) . Since the scheme commenced in July 2008, 1 270 409 services have been claimed in Australia with 453 138 services in NSW (Table 2 ). In the first financial year in NSW (2008-9), 168 580 services ACT NT n n n n n n n n N 2008-2009  168 580  134 999  88 180  27 979  27 267  6 286  4982  1418  459 691  2009-2010  147 986  113 816  74 775  34 723  29 693  16 079  4304  1410  422 786  2010-2011  136 572  104 023  72 676  29 210  26 650  12 672  4529  1600  387 932  Total  453 138  352 838  235 631  91 912  83 610  35 037  13 815  4428  1 were claimed in NSW declining to 136 572 services claimed in the financial year 2010-11.
In the 2010 calendar year, use of the Medicare Teen Dental Plan was slightly higher in younger age groups, and rates of use declined in older teenagers (Table 3) . Use of the scheme in the NSW population aged 12-17 years ranged from 20% among 17 year olds to 25.5% among 13 year olds. As the age requirements of the Medicare Teen Dental Plan includes teenagers who are aged between 12-17 years for only part of the calendar year, there was also some use of vouchers by teenagers who were younger than the scheme's target group (10.6% of 11 year olds used a voucher) and those older (10.5% of 18 year olds). The average use across all ages 11-18 years was 20.2%.
The distribution of Medicare Teen Dental Plan services claimed for NSW for the period July 2008 to June 2011 ( Figure 1 ), and the distribution of Medicare Teen Dental Plan services for the Sydney Metropolitan area for the same time period (Figure 2) show that, while services are largely concentrated in the highly populated coastal areas of NSW, there has been uptake of the Plan in regional and rural areas west of the Great Dividing Range. (Table 6 ).
In 2010, 901 (80%) of parent respondents in the NSW Teen Dental Survey reported receiving a Medicare Teen Dental Plan voucher. Of these, 528 teenagers had used the voucher, with 477 (90.3%) having used it at a private dentist and 9.7% reported using it in the public sector. However, a comparison of data from the Information System for Oral Health with Medicare data on total vouchers claimed in NSW indicates that only 3.7% were through the public oral health service in 2010 and 3.6% in 2009 (Table 5) .
Referral pathways between private and public sectors have also been developed to ensure continuity of care for those patients who have redeemed their voucher privately, but require further care in the public sector. Between 2008 and 2011 in NSW, 600 teenagers were recorded as presenting to the public dental service for follow-up dental care after claiming their vouchers at a private dental practitioner (Table 5) . Unlike vouchers, referrals are not differentiated by a new indicator each year and so it is not possible to examine these data by year from the Information System for Oral Health.
Discussion
When compared nationally, the use of the Medicare Teen Dental Plan in NSW is largely proportional to population. Use of the Medicare Teen Dental Plan as a percentage of the total NSW teenage population (11-18-year olds) shows differences between age groups with use declining in older teenagers. The decline in usage across the ages may be a result of declining interest in the program as older teenagers may already have had two previous preventive visits under the Plan or it may represent changing circumstances, such as increasing independence from parents or in the public dental service than those teenagers who were eligible under other benefits and allowances.
There are several observations made by the report of the review of the Dental Benefits Act 2008 related to changes to the program that would assist with evaluation. A key issue noted in the report was that data should be provided for each voucher claimed on which of the dental items included under the scheme had been provided rather than the single Dental Benefits Schedule (DBS) item 88000. 1 The report noted that this could be achieved by adding an 88 prefix to the existing Australian Dental Association (ADA) treatment item code set in a similar way to the coding of treatment provided under the Medicare Chronic Disease Dental Scheme. This additional coding would allow for quantification of anecdotal evidence of substantial variation in value of services provided under a voucher.
1
The review also noted that public feedback on the Medicare Teen Dental Plan included concerns about access to follow-up treatment of oral health issues identified by the preventive dental check, and the potential difficulties experienced by eligible teenagers moving between the private and public dental sectors for follow-up treatment. 1 When vouchers are redeemed in the public sector, treatment identified in the oral examination can be provided to the teenager free of charge and with continuity of care.
Conclusion
The Medicare Teen Dental Plan provides an important opportunity to provide preventive dental care to teenagers, particular to those who may not otherwise seek it. It remains unclear, however, whether the Plan will meet the long-term objective to encourage teenagers to have a regular preventive dental check as they become independent adults, and therefore ongoing monitoring of these teenagers beyond the target age groups of the Plan is required. The decline in use of vouchers as teenagers get older may be of particular concern in this respect, and would suggest that further effort is required to sustain usage as teenagers get older and become more independent.
This examination of the utilisation of the Plan in NSW raised concerns with respect to the lack of uptake, the equity of uptake of vouchers and the number of providers available or willing to accept vouchers in certain rural and regional areas of NSW. A lack of support for the provision of follow-up care in the private sector is also of concern, and could contribute to additional pressures being placed on the NSW public oral health service which are not offset by revenue from the Plan.
With only a single Dental Benefits Schedule item used for services provided under the Plan, it is difficult to evaluate the mix of dental treatment provided and the comparative value of the services delivered. 2, 3 and to inform hospital role delineation. 4 The delineated role of a service in maternity care has traditionally been determined by the availability of paediatric support services. For example, the National Health and Medical Research Council (NHMRC) recommended that pregnancies less than 33 weeks gestation be delivered at hospitals with neonatal intensive care units to ensure babies are born under the best conditions possible to reduce morbidity and mortality of the newborn. 5 In New South Wales (NSW), information about all births is collected in the NSW Perinatal Data Collection (PDC), a population-based statutory surveillance system which includes information on maternal characteristics, pregnancy, birth and infant outcomes. An obstetric service level is assigned to each hospital where women give birth. These levels are based on a complex array of maternity and neonatal staffing, expertise, pathology and surgical and anaesthetic capability, and range from Level 6 (providing both obstetric and neonatal tertiary care) to Level 1 (no birthing services, may provide postnatal care).
6 Although the components of the level can change throughout the course of a year (e.g. in rural hospitals the departure of the only obstetrician would change the level), the level that has prevailed for the majority of the year is assigned as the level for the entire year.
When using these levels for research, other limitations emerge. Firstly, there is no geographical differentiation, although the provision and outcome of maternity services needs to take geography into account. Secondly, no service levels are assigned to private hospitals as no information on maternity or neonatal services capability in private hospitals in NSW is routinely available; they form one group regardless of the level of obstetric and neonatal services available. Thirdly, there is no evidence that the level designations are better predictors of birth outcome than the annual number of births at each hospital. 7 Therefore we aimed to develop a service level descriptor that was suitable for research with stable and easily available components that would have wide application and allow comparison across state, national and international jurisdictions. We wanted groupings of hospitals that were sufficiently large that would allow us to exclude or collapse the groups across dimensions relevant to a research question. Here we report the development of such a classification of maternity hospitals and provide a case study of its use.
Methods -construction of a new maternity hospital classification
We classified maternity hospitals in NSW according to the following dimensions of service level: neonatal care capability (tertiary neonatal intensive care unit (NICU); continuous positive airways pressure (CPAP) facilities and trained staff 8 or other); geography (urban or rural location); annual average number of births (.1000, 500-999, 20-499 and ,20 births); and hospital status (public or private). Women birthing outside a hospital were classified as a separate group. These criteria were used to create a set of 13 obstetric groups (12 hospital groups plus home births) ( Table 1) . Although a classification with 13 levels is unwieldy for most research purposes, the hospital groups can easily be collapsed along dimensions that are appropriate to the study objectives. Groupings can be allocated on the basis of a priori research questions and/or similarity of clinical characteristics prior to the assessment of outcomes, as in the following case study. SAS program coding for the maternity hospitals classification is available on the Population Health Research Network website at www.phrn.org.au.
Results -case study
Two objectives of a recent study of early elective births (induction of labour or pre-labour caesarean section) in NSW were to determine the risk of severe neonatal morbidity following elective births (33-39 weeks gestation), and the extent to which the morbidity differs according to the gestational age at which the infant was born. 9 While much is known about the pattern of morbidity by gestational age in tertiary hospitals, 10 less is known about the patterns of, and outcomes following, elective deliveries in a range of non-tertiary hospitals. Thus, a secondary aim of the study was to assess patterns of morbidity across non-tertiary hospitals, where there may not be the service capability to care for sick and preterm infants.
Data on births were obtained from the NSW Perinatal Data Collection. To assess patterns of morbidity, birth data were linked with hospital data in the NSW Admitted Patient Data Collection. Neonatal and maternal outcomes were assessed using composite indicators of morbidity which include both diagnoses and procedures, and are able to overcome problems of under-ascertainment of individual adverse events. 11, 12 For the purposes of this study, home births and hospitals offering postnatal or midwifery-led care were excluded as elective births do not occur in these settings.
Hospitals were initially stratified into the 12 maternity hospital groups. Rates of elective births (by method) were compared across hospital strata and by gestational age, and strata were combined when the pattern of rates were similar across gestational ages. For example, the elective birth rates for the three levels of private hospitals were grouped based on similar rates across gestational ages ( Figure 1 ). This resulted in six hospital groups: tertiary hospitals, hospitals with continuous positive airways pressure facilities, all other urban hospitals, large regional hospitals (delivery volume $1000), all other regional hospitals (delivery volume ,1000), and private hospitals. 
Development of a maternity hospital classification for use in perinatal research
Vol. 23 ( with each week of advancing gestation irrespective of the mode of elective birth, and this stepwise pattern was present in all of the hospital groups. The highest gestation-specific morbidity rates were at hospitals with a neonatal intensive care unit, which is consistent with birth of high-risk infants in tertiary centres. The rates of morbidity were higher following pre-labour caesarean section than induction at every gestation until 39 weeks. The pattern of stepwise improvement in outcomes associated with increasing gestation was also observed for maternal morbidity, and rates of transfer to a neonatal intensive care unit for infants born in non-tertiary hospitals (data not shown).
Discussion
Classifying hospitals into service levels is important for health services research. However, the classification of hospitals into similar groups may vary depending on the research question. In the case study presented, a key focus of the study was access to neonatal care and therefore geographical and resources dimensions were important.
Our case study found higher rates of severe adverse outcomes at shorter gestations with a stepwise decline as gestation increases, especially following pre-labour caesarean section. This pattern was found across all hospital classifications, including a range of non-tertiary hospitals that may not have the facilities to care for sick and preterm infants, reaffirming the importance of birth in risk-appropriate settings. Such results highlight the need for health policy to address the accessibility of obstetric and neonatal support services. Role delineation guidelines need to incorporate criteria on elective birth (pre-labour caesarean and induction of labour) and resourcing of regional hospitals needs to be reviewed if elective births are to be sanctioned in such settings.
The groupings in the case study are pragmatic from a clinical and policy decision-making perspective, and appear to have validity in the expected pattern of morbidity. The collapsed set of six groups was manageable for analysis, and was easily interpretable in the context of the study purposes.
In the case study, rates of elective delivery were more similar between private hospitals, than between private and public hospitals of similar geography and volume, and so private hospitals were grouped together.
A limitation of the hospital groups may be the immediate application to jurisdictions outside of NSW, although the classification is easily adapted. For example, there may be private hospitals with neonatal intensive care unit facilities in other jurisdictions, and so an additional category may be needed. Further identification of specialised services, such as hospitals that now offer midwifery care only, is also possible. The proposed classification increases the potential for comparability, through greater flexibility and transparency in the classification of groups. Furthermore, in the absence of available perinatal data, the groups may be replicated using alternate data sources such as hospitalisation data.
Conclusion
We have developed and used a classification of maternity hospitals that is based on readily available information, that may be adapted to different research questions and could be used at an area, state, national or international level. Hospitals will change groups if there are significant changes to the annual birth volume, avoiding reliance on facilities and staffing change which are hard to monitor in over 100 hospitals. This approach may be adaptable to other service delivery areas. 
Abstract:
The reporting of Aboriginal and Torres Strait Islander peoples on the NSW Admitted Patient Data Collection was ascertained using a stratified purposive sample of NSW public hospital patients in 2010. Information was collected by interviewing patients and compared with patient information obtained on admission. The study used the methods used in the national survey by the AIHW in 2007 and the study results were compared to the AIHW survey results. The level of correct reporting was 90.7% (95% CI 84.6-94.2). These results, while indicative, should be interpreted with caution as some people may not have identified themselves as Aboriginal or Torres Strait Islander either on hospital admission or in the survey, and non-random sampling can produce non-representative samples.
Improving the health of Aboriginal and Torres Strait Islander peoples is a priority under the National Partnership Agreement on Closing the Gap on Indigenous Health Outcomes. 1 This Agreement aims to reduce the disadvantage experienced by Aboriginal and Torres Strait Islander peoples with respect to life expectancy, child mortality, access to early childhood education, educational achievement and employment outcomes. 1 The correct reporting of Aboriginal and Torres Strait Islander peoples on health data collections is essential to measure the effectiveness of policies and programs at reducing the health disadvantage that they experience.
The National best practice guidelines for collecting Indigenous status in health data sets note that there are continuing problems with the under-reporting of Aboriginal and Torres Strait peoples on many health-related data collections, and encourages states and territories to 'establish mechanisms for monitoring, improving and maintaining the quality of Aboriginal and Torres Strait Islander datay'. Inpatient information collected by hospitals in NSW is compiled into the NSW Admitted Patient Data Collection (APDC). The APDC covers demographic and episoderelated data for every inpatient separated from any public and repatriation hospital, and public same day procedure centre. Similar data are collected on patients admitted to private hospitals. Separation can result from discharge, transfer, death or change in care type. The APDC is maintained by the Data Collections and Reporting Unit in the Demand and Performance Evaluation Branch of the NSW Ministry of Health. The APDC is a major source of information on indicators of serious morbidity in the population.
To monitor the quality of reporting of Aboriginal and Torres Strait Islander peoples in the APDC, we carried out an audit using survey methods, estimated the level of correct reporting in 2010 and compared the results with those of the 2007 survey conducted by the AIHW.
Methods
This study used the methods of the national survey conducted by the AIHW in 2007. The methods have been described in detail elsewhere, 2 however a summary is provided here.
Hospital selection
As for the 2007 survey, the aim of the 2010 survey was to achieve a sample size of approximately 2800 people drawn from NSW public hospitals. Hospitals were stratified by their geographic remoteness using the Accessibility/ Remoteness Index of Australia (ARIAþ) categories. 4 A proportion of the total sample of people was assigned to each geographic area based on the proportion of the NSW Aboriginal and Torres Strait Islander population resident in each remoteness area. Within each ARIA category, a purposive sample of public hospitals was selected, based on high throughput and/or a relatively high number of separations of Aboriginal or Torres Strait Islander people. Within each hospital, people were selected from medical and surgical wards and renal units. Certain groups of patients were excluded, such as those: aged less than 18 years, too ill to speak, in intensive care or where clinical staff advised at the time that it was not appropriate to interview a patient. To allow comparison, hospitals selected for the 2007 survey were selected again in 2010. Three hospitals that were sampled in 2007 did not participate, reducing the number of participating hospitals from 20 to 17. Of the 17 hospitals sampled: five were selected from 61 hospitals located in major cities, six were selected from 71 hospitals in inner-regional areas, two were selected from 117 hospitals in outer-regional areas, and four were selected from 29 hospitals in remote and very remote areas.
Patient interviews
Patients were interviewed in June 2010 by hospital staff members who, where possible, were Aboriginal and Torres Strait Islander liaison officers and not involved in maintaining personal information on the hospital Patient Administration System. The questionnaire included a script for each question so that questions were asked in a standard way and order. Patients were eligible to be interviewed if they were aged 18 years or over and well enough to be interviewed when the interviewer was present. Patients were provided with an information sheet about the survey and informed consent was obtained. Patients were asked a series of questions concerning their sex, place of birth in Australia (yes/no), date of birth, whether they were Aboriginal or Torres Strait Islander and usual place of residence. Information on whether each survey participant was reported as Aboriginal or Torres Strait Islander was also obtained from the hospital Patient Administration System. De-identified data were provided to the Ministry of Health for analysis.
Analysis
The analysis followed the same method used for the 2007 survey. The proportion of Aboriginal or Torres Strait Islander people correctly reported on the Patient Administration System was calculated for each hospital stratum, and correction factors derived. These correction factors were then applied to the number of reported separations for Aboriginal and Torres Strait Islander peoples for each hospital remoteness category for June 2010, to give a number of expected separations for Aboriginal and Torres Strait Islander peoples for each remoteness category, which were then summed to give the total number of expected separations for Aboriginal and Torres Strait Islander peoples for NSW. The numbers of observed and expected separations for Aboriginal and Torres Strait Islander peoples for NSW were then compared to give the estimated proportion of Aboriginal and Torres Strait Islander peoples in NSW who were correctly reported on the Patient Administration System. Binomial confidence intervals for the remoteness category and total state level completeness were calculated.
Trends in monthly counts of reported separations among Aboriginal and Torres Strait Islander peoples for survey hospitals were obtained from the APDC and aggregated to the remoteness level of the hospitals.
As this review is an audit of a data collection and conforms to the standards established by the National Health and Medical Research Council for ethical quality review, 5 ethics committee approval was not sought.
Results
Of the 2581 patients who were asked to participate, 61 (2.4%) declined and a further 58 (2.2%) records were excluded as the patients were interviewed twice. Of the 2462 (95.4%) valid survey responses, 136 (5.5%) were among people who identified themselves as Aboriginal and Torres Strait Islander ( Table 1 ).
The percentage of Aboriginal and Torres Strait Islander peoples correctly reported on the Patient Administration System in 2010 was estimated to be 91% (Table 2) , compared to 88% (95% CI 84%-93%) reported in the 2007 survey. This improvement in reporting was not statistically significant. The percentage of correct reports increased with increasing geographic remoteness of the hospital, from 83% for hospitals in major cities to 100% for hospitals in remote and very remote areas. This pattern is similar to that reported for six jurisdictions combined in the 2007 survey.
There was no noticeable increase in the number of reported separations among Aboriginal and Torres Strait Islander peoples at the time of the survey in June 2010 compared to previous months (Figure 1 ).
Discussion
Most hospital separations among Aboriginal and Torres Strait Islander peoples were correctly recorded on the Patient Administration System. There was an absolute increase of 3% compared to the 2007 survey, as mentioned. This improvement was not statistically significant.
The survey was stratified by geographic remoteness of the hospital to allow adjustment for differences in levels of reporting caused by the remoteness. The strength of this approach is that it addresses any bias that might be introduced through differences in the population caused by the geographic location. It should be noted, however, that the original sample sizes were calculated to allow estimation of the quality of the reporting for each remoteness level at a national rather than state level. For this reason, the estimates of correct reporting for each level of hospital remoteness for NSW are not precise and this imprecision is reflected by wide confidence intervals (see Table 2 ). Despite this, correct reporting was found to increase with increased geographic remoteness of the hospital.
There are several aspects to the study design that may affect the generalisability of the results to the NSW hospital population:
• The sample population was restricted to people aged 18 years or over.
• The sample population was restricted to NSW public hospitals.
• The sample population was restricted to those well enough to be interviewed. There is likely to be underrepresentation of very sick patients who could not be interviewed, or day-only patients.
• Within each geographic stratum, the selection of hospitals for the survey was purposive rather than random. Purpose sampling was used to ensure that a sufficient sample of Aboriginal and Torres Strait Islander peoples were interviewed. Due to the small numbers of Aboriginal and Torres Strait Islander people sampled, we were unable to check the representativeness of the sample. The possibility of sampling bias therefore cannot be excluded.
While the number of Aboriginal and Torres Strait Islander people is small in the survey, the percentage is more than twice the estimated 2.2% of Aboriginal and Torres Strait Islander peoples in the population reported at the 2006 Census. 6 This reflects the purposive nature of the sampling. Other potential explanations are that hospitals were necessarily aware that an audit was taking place and, during the audit period and administrative staff made a conscious effort to improve reporting of Aboriginal and Torres Strait Islander peoples on the Patient Administration System. Trend information obtained from the APDC, however, provided no evidence to suggest this occurred. Farming is regarded internationally as a high-risk industry for injury and fatalities.
1 Despite significant reductions in farm-related fatalities over the past 15 years in Australia, agriculture remains a high-risk industry and lags behind the occupational health and safety gains made in other primary industries such as mining and construction. 2, 3 Furthermore, as most farms in Australia are family owned and operated, the distinction between the workplace and family home environments is often difficult to discern. In turn, this poses significant challenges for the health and safety of not only farmers and their staff, but also family members and visitors.
The inaugural assessment of farm-related fatalities in Australia was based on data covering the 1989-1992 period. 2 In this period there were 587 fatalities, with an annual mean of 146 cases. When examined in respect to annual deaths per 100 000 employees, the rate of work-related fatalities was 23.3 per 100 000 population. This rate is high compared to an all industries rate of 5.5 per 100 000 population in the same period. 4 Additionally, it was identified that the rate of fatal injury per 10 000 farms was 9.1 per year.
With core infrastructure support provided by NSW Health through the former Hunter New England Area Health Service, the Australian Centre for Agricultural Health and Safety has provided research for information on farmingrelated fatalities, injuries and their prevention for over 2 decades. The National Farm Injury Data Centre within the Australian Centre for Agricultural Health and Safety draws on fatality data from the National Coroners Information System (NCIS). 5 These data have been used to report on the nature of fatalities in agriculture, with this evidence being employed to drive new preventive programs of work across Australia. 2, 6, 7 This paper presents the most recent data on non-intentional farm fatalities based on the NCIS data for the period 2003-2006 and examines trends over time. On-farm fatalities are defined as those non-intentional injuries occurring to farmers and workers undertaking work in agricultural production, as well as to those in the farm workplace as bystanders to work being undertaken, and others in the course of leisure but harmed by hazards used in farm production. . 5 The criteria that determine if a death will be reported to the relevant state coroners' office varies between jurisdictions. However, in general terms and in the context of farm injury for this paper, the criteria include: (i) where the person died unexpectedly and the cause of death is unknown; (ii) where the person died in a violent or unnatural manner; and (iii) where a doctor has been unable to sign a death certificate giving the cause of death.
When deaths are referred to a coroner in one of the states or territories, preliminary information is automatically uploaded into the NCIS. These cases remain 'open' until the coroner hands down a final determination on each case when it is then 'closed'. Only 'closed' cases have been included in this review; 'open' cases generally have limited available detail, particularly in relation to the agent and mechanism of injury.
The NCIS is also able to provide detail on the proportion of cases 'open' and 'closed' in each state and territory by year. To avoid large underestimation of totals for this study it became necessary to apply inclusion criteria (i.e. a national case closure rate of $90% for the years to be included in the study period). At the time of assessment, this meant that data to 2006 could be included in this study.
The process for extracting the relevant data for the 2003-2006 period involved several data reviews and was finalised in February 2010. All deaths for each year due to external causes were obtained using query design searches. The identification of deaths of relevance involved a number of coded and keyword searches of the NCIS based on the Farm Injury Optimal Dataset, with cases that were not farm-related being withdrawn from the dataset. 8 The Optimal Dataset also provides specific codes on relevant agents of injury in agricultural, for example tractors, quad bikes, farm dams and grain augers, and has been widely used in other Australian fatality and injury studies in the agricultural sector. 2, 6, 7 Cases that were confirmed as intentional by the coroner were also withdrawn from the file. A final verification process assessing farm-related deaths identified in the Media Monitors database was undertaken to match any reported cases with relevant detail in the NCIS.
Following the identification of the non-intentional farmrelated deaths, exploration of attached documents such as police, toxicology and reports of coroners' findings was completed. Data from this analysis are presented with reference to the appropriate denominator data with all rates calculated using Australian Bureau of Statistics estimates for the relevant year.
9-12

Results
Age and gender
In the period 2003-2006, there were 326 non-intentional farm-related injury fatalities. Of these, 87% occurred in males and 13% in females. Overall, 17% of all deaths occurred in those aged less than 15 years and 40% occurred in people aged over 55 years (Table 1) .
On-farm deaths for each year and number of agricultural establishments The mean number of non-intentional farm injury deaths was 82 each year. Notwithstanding the further addition of 'closed' cases for these data, a continued downward trend in the overall number and rates of deaths per 10 000 agricultural establishments by year is apparent ( Table 2) .
On-farm work-related deaths for each year and number of agricultural workers A total of 303 cases could be defined as either work-related (52%) or non-work-related (48%). Table 3 describes the work-related cases (n ¼ 158) assessed in relation to deaths per 100 000 agricultural workers.
Agents of injury
The leading agents of farm injury across all age groups were tractors (17.5%; n ¼ 57), with quad bikes (9.2%; n ¼ 30), farm utilities (8.2%; n ¼ 27) and dams (5.5%; n ¼ 18) all featuring (Table 4) .
For the 271 adult (aged over 15 years) fatalities, tractors (n ¼ 57), quad bikes (n ¼ 23), farm utilities (n ¼ 23) and two-wheeled motorcycles (n ¼ 14) were the leading agents. These four agents alone were responsible for 43% of the adult fatalities on farms.
Of the 55 fatalities in children (aged less than 15 years), the prime agents associated with deaths were drowning in dams (n ¼ 13) and other water sources such as tanks and creeks and rivers (n ¼ 12). Overall, drowning (n ¼ 25) and quad bikes (n ¼ 7) accounted for 58% of all child deaths on farms.
A further analysis of mechanisms associated with the two leading causes of fatality was also undertaken (Table 5) . This revealed that almost 40% of tractor deaths were the result of being run over, while over 50% of quad bike fatalities involved rollover events. 6 Furthermore, if assessed on the basis of annual deaths per 100 000 employees, the rates of workrelated fatalities dropped from 23.3 per 100 000 population in 1989-1992 to 10.9 per 100 000 population in the second period (54% reduction). A similar reduction is also apparent when assessed by annual deaths per 10 000 agricultural enterprises -9.1 per 10 000 farms to 5.9 per 10 000 farms (35% reduction). 6 Overall, these findings support the continued downward trend in non-intentional farm injury fatalities identified in an earlier report. 2 This assessment replicates earlier studies by incorporating all non-intentional on-farm injury fatalities. This allows comparative analysis over time, and also captures all of the data relating to work-and non-work-related fatalities on farms. With over 90% of Australian farms being family owned and operated, the farm is frequently both a workplace and a family home, where workers, family and visitors congregate. This provides major challenges in maintaining health and safety as the environment does not tend to be as controlled as those locations (e.g. construction sites/mines) that are clearly delineated as work areas. Moreover, this is reflected by the high proportion of cases that are non-work-related, which corroborates earlier findings. 2 Undoubtedly, a significant driver behind this result is the fact that nearly all child deaths fall into this non-work-related category.
A limitation of this study is that only cases closed by the NCIS have been used and that further cases are likely to be added, particularly for 2005 and 2006. However, previous experience of the National Farm Injury Data Centre suggests that only a relatively small number of cases are likely to be added. Furthermore, changes adopted by the Australian Bureau of Statistics in 2006 using the Australian and New Zealand Standard Industrial Classification have resulted in an increase in the number of agricultural establishments identified from 2006 onwards. 12 Consequently, this impacts slightly on some of the data presented relating to rates of death where agricultural establishments are used as a denominator. Nonetheless, whether measured by rates per 10 000 agricultural establishments, work-related deaths per 100 000 workers or on actual numbers, the pattern reflects a downward trend in fatalities.
Conclusion
Despite progress in reducing the number of non-intentional farm injury deaths throughout Australia, work remains to be done. These data suggest that there are several common sources of non-intentional farm injury fatalities, all of which have well-defined solutions. This database is the only one of its type servicing agriculture in Australia; the continued compilation of data will underpin the evidence base for action. Future interventions targeting these priority areas are needed to allow for further reductions in farm-related deaths. Abstract: Environmental sustainability is a new and fast moving field in health. There is little evidence about how to teach it effectively to health professionals. Methods: We conducted a pilot study of an educational intervention with more than 200 UK public health registrars. The intervention consisted of a day-long workshop with the aim of training participants to help make the UK's National Health Service more environmentally sustainable. Results: We measured outcomes in three areas: awareness, advocacy and actions. Comparison of baseline and post intervention questionnaire scores showed statistically significant improvements in the awareness and advocacy scores. Actions were assessed qualitatively. Our findings suggest that, while there are some pockets of good practice, many health professionals are yet to engage with sustainability in the workplace. Discussion: We propose reasons why health professionals are yet to become involved in sustainability issues despite the related opportunities for health and health services.
There are multiple benefits -health, financial, reputational and environmental -for health services to take a lead on sustainability. In the United Kingdom (UK), a sustainable National Health Service (NHS) is an ambitious goal and achieving it will require large-scale, transformational and organisational change. The NHS is however one of the largest workforces in the world. How can sustainability be taught to this workforce to help understanding of why and how sustainability is essential to improving patient care and public health?
The NHS Sustainable Development Unit (www.sdu.nhs.uk) was established in April 2008 to assist the NHS to become an exemplar low-carbon, sustainable organisation. As the NHS has a carbon footprint of 21 million tonnes of CO 2 e (CO 2 equivalent) -larger than some medium-sized countries 4 -there is an additional imperative for it to show leadership on this issue. In 2010, as part of its organisational development strategy, and with financial support from the Department of Health, England, the Sustainable Development Unit developed and piloted an educational intervention on sustainable health care. This paper describes how the project was implemented and evaluated.
Methods
The intervention was developed using an iterative process over a period of several months. The intended audience was public health registrars enrolled with the UK Faculty of Public Health. There were several steps in the development: initially a literature review was conducted to inform the development of the intervention; the design drew on the expertise (e.g. communications, organisational and workforce development) of the Sustainable Development Unit team; and a pilot study was conducted with a group of public health registrars. The evaluation tools (the questionnaires and phone interview questions) were also piloted.
The final model of the intervention consisted of a 4-hour train-the-trainer workshop on climate change, sustainability, health and the NHS. All UK Faculty of Public Health Trainees were encouraged to attend; some public health consultants also attended. It was delivered face-to-face by the same facilitator in 15 sessions in every region of the UK between February and April 2010.
We assessed outcomes in three areas: awareness, advocacy and actions, which acted as surrogate measures of knowledge, attitudes and practices. Levels of awareness and advocacy were assessed by comparison of baseline and post-intervention self-rated scores (using a four-point modified Likert scale). This information was gathered using questionnaires that were administered at the beginning and at the end of each workshop. Participants' baseline and post-intervention awareness and advocacy scores were compared using the 2-tailed Pearson's correlation test and P-values from significance testing in a parametric paradigm were derived using a 2-tailed Student's t-test.
The action objective was evaluated by conducting telephone interviews 3 months after the intervention with a stratified (by region), random sample of 26 participants. The interviews consisted of eight semi-structured openended questions. Interviewees were asked whether and to what extent they had achieved their actions, and they were encouraged to speak freely about their experiences and their opinions. Framework analysis of these qualitative data was conducted.
Results
The intervention was conducted with a total of 238 individuals, of which 205 were public health registrars. The group of registrars based around Cambridge (n ¼ 33) was excluded from the evaluation as some had been involved in the pilot. Of the remainder, there were complete data for 166 participants (of which 147 were public health registrars). The response rate was 81%. Reasons for the incomplete data included: participants arriving late or leaving the workshop early (and so failing to complete either the baseline or the post-intervention questionnaires) and some participants not answering all the questions. Comparison of baseline and post-intervention questionnaire scores showed statistically significant improvement in both awareness (mean increase 12 points) and advocacy (mean increase 9 points) scores (Table 1 ).
In keeping with the advocacy objective, one of the additional aims of the intervention was for the registrars to subsequently facilitate a similar (albeit shorter) workshop themselves, thereby cascading the learning further. The bank of slides used in the workshop was therefore made available to participants for them to use and adapt for their own workshop. In the follow-up telephone interviews, we asked whether they had facilitated a workshop: of the 26, five had delivered one and three had set a date. Several others had raised the issue with colleagues or supervisors, and one had become involved with teaching medical students on sustainability. The reasons cited for not running a workshop included: lack of time, lack of confidence, inexperience, being of the view that it is not the role of a health professional, and being cynical about how much influence they would have and how difficult it would be to make changes.
The themes that emerged from the framework analysis of the phone interview responses are presented in the Discussion as five key lessons learnt.
Discussion
The quantitative results show that participants' self-rated levels of knowledge and attitudes increased following the intervention. While this finding is encouraging for promoting system-wide change, do these improvements translate into actions and do those actions help to make the NHS more sustainable? To answer these questions the lessons that emerged from the qualitative results from the phone interview responses are instructive.
Lessons learnt Get the facts straight
You do need to get the (climate change) story straight: clarifying climate change terms and examining the basic science (including common myths and misconceptions) were rated by participants as among the 'most useful' parts of the workshop. They were surprised by the graphical comparison of countries' per capita carbon footprints, the 
Tailor your message
Most people respond to messages that address their own interests and concerns. 5 Sustainability is well aligned with many other health objectives (such as the importance of prevention, more cost-effective use of resources, providing care close to or in the home and the greater use of information and communication technology) and is relevant to the practice of many medical specialties and health issues. The Sustainable Development Unit has found that most clinicians and general practitioners respond best to the health co-benefits argument (that is, that a low-carbon lifestyle is a healthy lifestyle); that medical students and public health professionals are often interested in the social justice and health inequalities issues; whereas finance directors and chief executives are often attracted by the financial savings and reputational issues. In this study one registrar working in maternal and child health began to consider the links between sustainability, family planning and population issues. Another registrar working on a needs assessment pledged to think about how to incorporate sustainability issues.
Be realistic
The participants wanted to focus on practical, achievable, individualised actions. Thus the expectation was of actions that they could carry out as public health registrars and in their workplaces. Some examples of their subsequent achievements were: incorporating sustainability in their current work (e.g. including carbon reduction in a procurement policy and in a commissioning contract); raising the issue with colleagues and implementing workplace changes (e.g. sustainable meetings, home-working and remote access, organising a 'green week'); another was submitting sustainability proposals to the finance director who had asked for cost-cutting suggestions. One regional group of registrars conducted an audit of the business miles travelled (and costs incurred) in meeting their training commitments and several groups implemented teleconferencing of trainee meetings.
Be positive
If people feel that a challenge is too great or that they are powerless to act, a powerful coping mechanism is denial. 6, 7 Thus, doomsday scenarios are unlikely to be effective in encouraging engagement with the issues. 8 With health professionals, we have found that talking about sustainability rather than climate change can be much more broadly and positively framed as a set of solutions. As noted, there are many reasons for the NHS to deliver services sustainably; climate change is just one of them. Responses from this group confirm this, for example: 'it is hard to win people over by scaring them'. Several registrars advised re-framing the issue as a positive first, emphasising 'what's in it for them', especially the financial benefits.
Tell stories
Having narrative examples of success that are not too ambitious can be highly motivating. Stories are what people remember and often what inspires them. In the feedback from this pilot, participants frequently asked for more anecdotes and case studies.
Why don't we take sustainability seriously? Currently there are relatively low levels of engagement in this issue by health professionals. In this study, at 3 months after the intervention, around one-third of those in the follow-up sample had facilitated a similar workshop themselves, and the actions achieved by this group had been modest. These findings are in keeping with the Sustainable Development Unit's wider experience that, while there are some exemplary individuals and pockets of good practice, many in the NHS are yet to engage with this agenda. Given that climate change is the biggest global health threat of the 21st century 9 and that implementing the principles of sustainable development are an opportunity -particularly for health and health services -it is perhaps surprising that so many health professionals are yet to be convinced and engaged.
Drawing from this study and the Sustainable Development Unit's wider experience we would suggest that there are at least four reasons conspiring against the broader and deeper involvement of health professionals: 1. We naturally apply a critical and balanced approach to all new evidence which may result in our being overly sceptical of new health threats or opportunities. 2. We are very busy, and focused on the day job -hence we have less time than we would like for longer-term issues such as sustainability or climate change. 3. We are focused on reacting to demand, problems and crises; and not on being proactive to need, preparation or prevention. 4. We work in health and so feel that we are already making a worthy contribution to society (sometimes termed a moral offset).
We hope that these reasons -and thoughts about how to overcome them -will promote discussion and debate among health professionals, and that future interventions of this type will take our lessons and experiences into account.
Next steps
There was significant interest in this intervention from Australian colleagues; it was adapted for an Australian Q fever is an important human and veterinary disease worldwide and is most significant in areas where its primary reservoir, cattle, sheep and goats, resides in close proximity to humans. In Australia, Q fever is endemic, with between 300 and 800 cases notified annually over the past decade, primarily in the eastern states. 1 In New South Wales (NSW), the majority of Q fever notifications have occurred in the rural areas of the state's west. 2 Q fever is caused by the pathogen Coxiella burnetii, which has recently been removed from the Rickettsiales; C. burnetii is now considered more closely related to the Legionella genus. 3 Transmitted most commonly via the airborne route, the organism is carried in dust contaminated with tissue, birth fluids or excreta from infected animals. Q fever commonly presents as a self-limiting febrile illness with malaise, weakness, headache and chills. 4 The severity and duration of illness varies greatly. In up to 50% of cases infection is asymptomatic or sub-clinical. 5 Complications of Q fever include pneumonia, endocarditis, hepatitis, osteomyelitis, aseptic meningitis and encephalitis. 6 Acute infection may be followed by Q fever fatigue syndrome, which occurs in approximately 10% of cases and may persist for as long as 5 years. 7 C. burnetii is a pathogen with the potential to cause epidemics, due to its relative ease of transmission, environmental resilience, low infective dose and airborne route of transmission. 4 Outbreaks of Q fever are commonly reported. An epidemic of Q fever has been sustained in the Netherlands since 2007, with several hundred cases in humans reported each year. [8] [9] [10] Outbreaks have occurred in NSW, commonly associated with abattoir and farm workers, [11] [12] [13] but alternative sources such as veterinary practices as well as geographical clusters with no known likely source of infection have been reported anecdotally.
Immunisation is the primary protective measure against Q fever. A vaccine against Q fever has been available in Australia since 1989; however, initial uptake of the vaccine was low and mostly limited to staff of several large abattoirs. The National Q Fever Management Program, an initiative of the Australian Government, was launched in 2000 and implemented in NSW in 2002. 14 The Program included funded screening and vaccination of workers in high-risk occupations and training for immunisation providers. The Program initially targeted abattoir workers and shearers, but was subsequently expanded to sheep, dairy and cattle farmers along with their families. 14 The last 2 decades have seen significant change in the management of Q fever in NSW and Australia. This study sought to determine whether the implementation of the National Q Fever Management Program has altered the epidemiology of the disease since it was introduced in NSW.
Methods Q fever is notifiable by laboratories under the Public Health Act 1991 (NSW). Public health units investigate all notified cases of Q fever to: collect relevant risk information; identify the likely source of infection; and, where necessary, instigate control measures. The NSW case definition for confirmed Q fever requires laboratory definitive evidence which comprises detection of C. burnetii by nucleic acid testing or culture, or by seroconversion or significant rise in titre to Phase II antigen in the absence of recent vaccination. Before 2004, the detection of IgM in the absence of recent vaccination was also accepted as evidence of infection, however, since 2004, detection of IgM is accepted only in conjunction with a clinically compatible illness. 15 Confirmed cases are entered onto the NSW Notifiable Conditions Information Management System. 16 Information related to chronic Q fever sequelae is not routinely collected.
Notification data for the period 2001-2010 were extracted from the NSW Health Outcomes Information and Statistical Toolkit (HOIST) using SAS (version 9.2, SAS Institute, Cary, NC, USA). Variables used in the analysis included basic demographical descriptors, jurisdiction, onset date, occupation and recorded vaccination status. Analysis of the geographical distribution of Q fever notifications in NSW was reported by Local Health District whose boundaries came into effect in January 2011. Mid-year population estimates for Local Health Districts were also obtained from HOIST. Data were analysed using JMP Ò (version 8).
While a small proportion of the Q fever cases notified in NSW over the study period were related to identified outbreaks, a description of Q fever outbreak investigations in NSW was not part of this review.
Results
In the 10-year period (2001-2010), a total of 1912 notifications of Q fever were reported in NSW. The average annual Q fever notification rate for this period was 2.8 cases per 100 000 population. The annual rate varied from a peak of 4.5 per 100 000 population in 2002 and 2003 down to 1.8 per 100 000 in 2010 (Figure 1 ). Fifty-seven cases (3%) of Q fever were in people who identified as Aboriginal; however, Aboriginality was unknown or not recorded in 774 cases.
The mean age of cases was 44 years (range 1 month-86 years). Males accounted for 75% of all notifications. The highest age-specific annual notification rates were 7.7 cases per 100 000 for men in the 50-59-year age group and 2.2 cases per 100 000 for women in the 40-49-year age group (Figure 2 ). Twenty-six cases (1.3% of notifications) occurred among children aged less than 10 years, all of whom resided in rural and regional Local Health Districts.
The Hunter New England and Western NSW Local Health Districts accounted for 30% and 28% of all notified Q fever cases, respectively (Table 1 ). Annual notification rates were highest in the Western NSW Local Health District (19.9 per 100 000) and the Northern NSW Local Health District (10 per 100 000). Metropolitan Local Health Districts recorded notification rates less than one case per 100 000 population with the exception of Illawarra Shoalhaven Local Health District (2.1 cases per 100 000).
Information on the occupation of the case was recorded in 1046 (55%) of notifications. Of these, the most commonly reported occupation group was agriculture related such as farmers, shearers and graziers (52%); and occupations related to the slaughter of animals and meat processing such as abattoir workers, meat workers, butchers and professional shooters (10%). The annual number of cases notified with agriculture-related occupations varied between years in proportion to the total number of cases reported, ranging from 13-36% of total annual notifications. Notifications among abattoir and related occupations remained at a constant low level, ranging from a peak of 20 cases (7% of annual notifications) in 2002 to two cases (1.6%) in 2010. Q fever vaccination status of the case was recorded for 654 (34%) of notifications; however, of these, 72 cases (4%) were recorded as 'unknown' by patient and doctor. A total of 23 cases were reported to have been vaccinated prior to illness, including 15 abattoir workers. A review of the notes of vaccinated cases in the Notifiable Conditions Information Management System revealed that two cases were vaccinated within 1 week of illness onset and so would be unlikely to have developed protective immunity. Records of validation of vaccination status were not available for most of the other cases.
Discussion
Lin et al previously reported the epidemiology of Q fever in NSW 2 before the introduction of the National Q Fever Management Program. Our results demonstrate significant changes in the epidemiology of Q fever in NSW since the introduction of this Program.
There has been a decrease in the overall notification rate over the last 10 years, in addition to a 26% decrease, from 3.8 cases per 100 000 between 1991 and 2000, as reported by Lin et al, 2 to 2.8 cases per 100 000 between 2001 and 2010. Despite the overall reduction in cases, there was a trend towards older age and increased rates of infection in some age groups when compared to the period 1991-2000. From 1991 to 2000 the highest age-specific notification rate was in men aged 20-29 years. 2 In contrast, we found the highest notification rate in the period 2001-2010 in men aged 50-59 years. These results are consistent with the findings of another national study where the decrease in cases among young males was attributed to the impact of the national vaccination program in the primary target groups.
14 Females were also found to represent a greater proportion of total notifications when compared to the During this review period, the peak rates of disease were seen in 2003 and 2004. This is consistent with the pattern of Q fever epidemiology nationally at the time. It is hypothesised that this increase in notifications may have been due to severe drought conditions which promote airborne distribution of potentially contaminated dust particles, 6, 14, 17 as well as increased livestock movements. National Q fever hospitalisation data show a concurrent peak in hospitalisations, supporting the idea that this peak was a true increase in disease incidence rather than increased awareness and testing.
14 Abattoir and meat workers accounted for 51.4% of Q fever case notifications for 1991-2000 2 but notifications were seen to be declining over time. Between 2001 and 2010, notifications of Q fever in abattoir and meat workers have remained at a stable low level accounting for only 10% of notifications where occupation was recorded. In contrast, the proportion of notifications in agriculture-related occupations increased from 29% of notifications where occupation was recorded in 1991-2000, 2 to 52% in 2001-2010. This pattern is consistent with previous findings 18 and may be due also to greater uptake of vaccine among abattoir workers when compared to workers in the agricultural sector. However, as occupation status was missing for almost half of all notified cases in 2001-2010, caution must be exercised when examining these data for trends.
The reasons for significant variation in rates of notification between rural Local Health Districts are unclear. High notification rates were seen in central and north-western NSW, an area which typically experiences low rainfall, between 200 mm and 500 mm per year. 19 As previously noted, dry conditions can promote airborne distribution of contaminated dust. However this hypothesis does not explain the high rate of notifications in the Northern NSW Local Health District, which receives relatively high average rainfall compared to elsewhere in the state. 19 It is likely that the reasons for variation in Q fever notification rates across NSW are multifactorial, and may include differences in land use, livestock density, farming practices and relative proportion of the population engaged in the agricultural and meat processing industries. Variation in case ascertainment is likely to impact on notification rates, which may be due to differing levels of clinician awareness and interest in Q fever and local diagnostic testing practices.
Collection of exposure source and risk-factor data is an important aspect of the public health follow-up for Q fever notifications. The Notifiable Diseases Database, used for collection of notifiable disease case information in NSW until the implementation of the Notifiable Conditions Information Management System in 2010, included only a single occupation field for recording risk for infection. From analysis of the occupation field, it was evident that risk for, and likely source of, infection were not adequately captured. This issue has been previously described. 18 Improved characterisation of risk for infection is now available in the Notifiable Conditions Information Management System through fields for collecting exposure to animals and animal-related environments.
The results of this review are limited by incomplete occupation and vaccination data. The use of these results in judging the impact of the Q fever vaccination program is also limited by the lack of data on uptake or coverage of Q fever vaccination. Consideration should also be given to the potential impact of other factors, such as drought or changes in farm animal management practices, on the epidemiology of Q fever over the review period. Nevertheless the overall decrease in the rate of Q fever notifications, together with the observed changes in age, sex and occupation distribution of cases, strongly suggest that the National Q Fever Management Program has had a positive impact in reducing the risk of human Q fever in NSW.
Conclusion
The changing epidemiology of Q fever highlights the importance of continued public health surveillance to monitor the likely source of infection in cases and to characterise emerging risk groups. This information will inform immunisation policy and enable effective targeting of vaccination programs. Public health units are encouraged to collect detailed risk factor information for notified cases, in particular, occupation and vaccination status. Epidemiology of meningococcal disease in NSW In New South Wales (NSW) in 2010 there were 74 notifications of meningococcal disease and five deaths. Eighty percent of these notifications were for serogroup B disease. 3 Notifications of meningococcal disease in Australia have decreased steadily since 2002. 1 This reduction in notifications over the past 8 years occurred for both serogroup B and C, but much more in serogroup C, the decline of which coincided closely with the introduction of the meningococcal C vaccination program. The reason for the decline in serogroup B disease is probably due to natural variations in the epidemiology of meningococcal disease over time, as the community develops natural immunity to prevalent strains in the absence of new virulent strains that are yet to emerge. 4 Public health response Under the NSW Public Health Act 1991, hospitals and laboratories are required to notify cases of meningococcal disease to public health units. The public health response to a case of meningococcal disease aims to prevent secondary cases of disease. Public health actions include providing information about meningococcal disease, and providing antibiotics to people who have had close contact with a case. Known as clearance antibiotics, these drugs are used to eliminate the bacteria from the throat and prevent its transmission to others. Vaccination is also offered if the disease was caused by a vaccine-preventable serogroup. National guidelines recommend that the public health response to a case of meningococcal disease begins as soon as possible. In recent years, technological advances have made it possible to respond more rapidly. For example, polymerase chain reaction (PCR) testing allows rapid laboratory confirmation of the diagnosis, and SMS technology (text messaging) has been used to send information to contacts about meningococcal disease and antibiotic clinics.
Meningococcal disease
Long-term health outcomes
Survivors of meningococcal disease can experience severe long-term health problems. For example, a study in the UK of adolescent survivors of meningococcal disease found that 57% had ongoing physical problems including skin scarring, mobility difficulties, and speech and hearing problems. 5 These problems were more severe with serogroup C than serogroup B disease. Survivors also reported more psychosocial problems, including more fatigue and depression, lower quality of life, and less social support compared to controls. These findings indicate that people with meningococcal disease need long-term follow-up that encompasses both physical and psychosocial aspects of health. The world is on the brink of losing these miracle cures. In the absence of urgent corrective and protective actions, the world is heading towards a post-antibiotic era, in which many common infections will no longer have a cure.
Antibiotics have contributed greatly to our ability to treat disease, however we risk losing these gains. While antibiotic resistance becomes increasingly widespread, the research development of new agents to combat evolving bacteria has slowed. It is not commercially viable to develop new drugs if there is a high probability of their becoming ineffective soon after introduction.
Globally emerging antibiotic-resistant bacteria such as methicillin-resistant Staphylococcus aureus (MRSA) 2 and extended spectrum beta-lactamase (ESBL)-producing Escherichia coli 3 present increasing challenges to community transmission of infection. Recently, New Delhi metallo-beta-lactamase-1 (NDM-1) was identified; 4 this enzyme makes bacteria resistant to most beta-lactam antibiotics which are used to treat antibiotic-resistant bacterial infections.
Causes of resistance
Microbes that cause infectious diseases are complex, dynamic and evolving. They reproduce rapidly, mutate frequently, exchange genetic material freely and adapt to new environments. These processes are further promoted by inappropriate prescription practices and poor drug access control.
Possible solutions in Australia
The NPS (formerly the National Prescribing Service) develops educational material for both practitioners and consumers to influence the culture surrounding antibiotic prescription and use. The NPS has identified specific conditions, such as upper respiratory tract infections, for which antibiotic prescribing may not always comply with best practice guidance (see www.nps.org.au). The Australian Group on Antimicrobial Resistance (AGAR), a collaboration between clinicians and microbiology laboratories, conducts ongoing surveillance to monitor resistance development in pathogens. These data are used to inform clinical processes, policy and research in preventing bacterial resistance.
Future action to reduce resistance includes improving prescription and consumption practices by implementing guidelines on appropriate antibiotic use and education; enhanced surveillance to monitor resistance; developing new vaccines and new antibiotics; and researching other potential treatment modalities such as bacteriophage therapy. 5 It is apparent that action is needed to prevent a post antibiotic future similar to the pre antibiotic past. Tables 1 and 2 show notifications of communicable diseases received in November and December 2011 in New South Wales (NSW).
Enteric infections
Outbreaks of suspected foodborne disease Six outbreaks of gastrointestinal disease thought to be due to consumption of contaminated food were reported in November and December 2011. These outbreaks occurred in restaurants or cafes (5) and in a private residence (1); 63 people were affected. Four outbreaks were identified through complaints to the NSW Food Authority (NSWFA) and two outbreaks were identified through emergency department reports to public health units. Stool samples were tested in two outbreaks, and the pathogens identified were Salmonella Typhimurium, and Campylobacter. Due to limited ability to recall the food eaten (in two outbreaks) or lack of an association between eating a particular food and gastrointestinal illness in cases who were interviewed and controls (in three outbreaks), there was not enough evidence to identify the food vehicle in five of the outbreaks.
Scombroid poisoning
In the outbreak where the food vehicle of the illness could be identified, the cause was likely to be fresh tuna steaks used in a salad. This outbreak was identified by emergency department reports to a public health unit in November of symptoms consistent with Scombroid poisoning (skin flushing, headache, tremor, palpitations, tachycardia, hypertension, diarrhoea). Four cases were reported and were colleagues who all reported eating a fresh tuna salad from an organic café. Onset of symptoms ranged from 20 minutes to a few hours after eating the salad. The NSW Food Authority spoke to the café owner who took the salad off the menu. The NSW Food Authority inspected the premises and sampled the small amount of remaining tuna; histamine was detected within acceptable levels. As most of the salad had been sold and only four people had reported illness, the Authority concluded that only a small portion of the tuna product used for the salad that day was contaminated. Food appeared to be maintained at appropriate temperatures. The product was imported from Indonesia by a company in Queensland.
Outbreaks of gastroenteritis in institutional settings
In November and December 2011, 43 outbreaks of gastroenteritis in institutions were reported, affecting 622 people. Twenty-four outbreaks occurred in aged-care facilities, 10 in child-care centres and 9 in hospitals. All outbreaks appear to have been caused by person-to-person spread of a viral illness. In 26 (60%) outbreaks one or more stool specimens were collected. In nine (35%) of these, norovirus was detected. Rotavirus was detected in four (15%) outbreaks. Adenovirus was detected in two (8%) outbreaks. Clostridium difficile was detected in one outbreak along with norovirus; this finding was thought to be coincidental during a viral gastroenteritis outbreak. In six outbreaks no pathogens were detected in stool specimens. Results for five outbreaks are still outstanding. Viral gastroenteritis increases in winter months. Public health units encourage institutions to submit stool specimens from cases for testing during an outbreak to help determine the cause of the outbreak (for further information see: Guidelines for the public health management of gastroenteritis outbreaks due to norovirus or suspected viral agents in Australia available at: http://www.health. gov.au/internet/publications/publishing.nsf/Content/cdacdna-norovirus.htm-l).
Respiratory infections
Influenza Influenza activity in NSW was low during November and December 2011. Activity was measured by the number of people who presented with influenza-like illness to 56 of the state's largest emergency departments, and the number of patients whose respiratory specimen tested positive for influenza at diagnostic laboratories. The rate of laboratory confirmed influenza activity has been declining steadily since activity peaked in mid July 2011.
There were 72 presentations of influenza-like illness (rate 0.5 per 1000 presentations) for November, and 79 presentations (rate 0.5 per 1000 presentations) for December to select Emergency Departments.
There were 176 cases of laboratory-confirmed influenza reported in November; including 159 (90%) influenza A and 15 (9%) influenza B. There were 97 cases, including 77 (79%) influenza A and 14 (14%) influenza B, reported in December.
For a more detailed report on respiratory activity in NSW see: http://www.health.nsw.gov.au/PublicHealth/ Infectious/influenza_reports.asp.
Vaccine-preventable diseases
Meningococcal disease Seven cases of meningococcal disease were notified in November and December 2011. Of these, five cases were due to serogroup B and one to serogroup C, while the serogroup was unknown for one case. The case with serogroup C disease was an unimmunised elderly woman who was not eligible for vaccination. There were no deaths due to meningococcal disease reported during November and December.
It is recommended that a single dose of vaccine for meningococcal disease be given to all children at the age of 12 months as well as to those at high risk of disease. 1 
Measles
All 10 measles cases reported during November and December were linked to cases imported from overseas, with two distinct clusters identified. Seven cases with onset dates during this period were associated with an outbreak at a school in the Australian Capital Territory (ACT), of which six were students and one was a health-care worker from a practice where a patient who was a case had presented. The index case was a traveller returning from New Zealand. This cluster highlights the importance of ensuring that all health-care workers have immunity to vaccine-preventable diseases. Documented evidence of two doses of measles, mumps and rubella vaccination or serological evidence of protection from measles is recommended for health-care workers born after 1966. This experience illustrates the challenge to measles control in pockets of non-immunised school children.
For the remaining three cases, an interstate traveller from New Zealand was identified as the likely source of infection for the two other cases: one case was exposed in Sydney, while the other was likely exposed in Victoria and later developed the infection. Both cases were unvaccinated.
Recently, a fatal case of measles was reported in France with acute respiratory distress syndrome, but without rash, emphasising the potentially deadly nature of the disease. This situation highlights the need for health-care workers to consider a diagnosis of measles, even in the absence of classical clinical features, during measles outbreaks. 2 Pertussis (whooping cough) Of the 13 198 pertussis cases reported in NSW in 2011, 2154 cases were reported during November and December. This is considerably lower than the number of cases reported for the same period in 2010 (3491 cases), and lower than the number of cases from September and October 2011 (2408 cases). Caution should be exercised when interpreting these data because of possible delays in notifications.
Immunisation of babies is an important strategy to provide protection for an age group most at risk of severe illness. A free vaccine for infants administered at 2, 4 and 6 months of age is available. It is currently recommended that the first dose can be provided as early as 6 weeks of age and the booster at 3½ to 4 years. In addition, NSW has adopted a strategy to provide immunisation to all other people who care for or who have a baby in the household to encourage them to be fully up-to-date with immunisation. The impact of this strategy is currently being evaluated to inform future vaccine policies. NB: Data are current and accurate as at the preparation date. The number of cases reported is, however, subject to change, as cases may be entered at a later date or retracted upon further investigation. Historical data configurations are included for continuity/comparison purposes and to highlight regional differences. NB: HIV and AIDS data are reported separately in the Public Health Bulletin quarterly. Data are reported as of public health unit office. The Bulletin uses digital publishing at all stages of production as a priority over print. The Bulletin is printed on archival quality, chlorinefree paper using low volatility vegetable-based inks and uses computer-to-plate technology. 
